A systematic examination was undertaken of absorption and accumulation of the biologically essential elements by the tobacco plant when grown to the flowering stage. Both complete and micronutrient deficient cultures were studied. The These results were in full accord with those reported by Hoagland and his co-workers for many crop plants. Hoagland (9) concluded ". . . There seems to be a relatively wide range of hydrogen ion concentrations over which this factor per se has no highly significant effect on the plant." A similar conclusion was arrived at by Olsen (13) with respect to ion intake.
A systematic examination was undertaken of absorption and accumulation of the biologically essential elements by the tobacco plant when grown to the flowering stage. Both complete and micronutrient deficient cultures were studied. The basal nutrient solution employed was an approximately maximal yield solution of minimal salt content. Its composition had been determined in consecutive tests each spring since that of 1945, using both increased and decreased quantities of individual salts to determine maximum possible yields with minimal supply of salts. The experimental installation was kept unchanged during this time and a uniform procedure used in handling seedlings. Its composition could be assumed to have meaning only for the one variety and environment.
It will be shown that the composition of the basal solution so determined was found to be such as to undergo very little change in relative proportions of its chemical elements as a result of the growth of the plant to the flowering stage. Hoagland (9) has referred to this type of nutrient solution in these words " There is another concept which may be employed in the selection of salt proportions for a nutrient solution-that of what may be called 'economical' utilization of nutrients. By this is meant the preparation of a solution from which the plant will absorb the various ions in the same proportions as they are originally present in the solution." It would follow therefore that the relative proportions of essential elements in the plant as a whole should be the same as those originally present in this type of solution.
The effects of micronutrient deficiency in the basal solution were also studied. Omission of individual micronutrients led only to minimal changes in initial composition of the nutrient solution. A difficulty existed in that deficiencies of equal severity on a yield basis could not be produced at extreme levels. Such differences in severity, however, were taken into account in interpretation of the results, and served as an aid in distinguishing between general and specific responses to deficiency of the individual micronutrients.
The fixed-charge depletion technique (15) was used in conjunction with calcium carbonate purification of the nutrient solution to remove trace element impurities (17) . Only distilled water (i.e., condensed heating steam) was replenished during growth of the plant. Absorption was maintained by periodic stirring of the nutrient solution to keep newly formed root-hair surfaces covered with a layer of the pre- 7. 2) in such cultures had been found to be without perceptible influence at the 5 % level of variance on yields or the optima for calcium and magnesium.
These results were in full accord with those reported by Hoagland and his co-workers for many crop plants. Hoagland (9) concluded ". . . There seems to be a relatively wide range of hydrogen ion concentrations over which this factor per se has no highly significant effect on the plant." A similar conclusion was arrived at by Olsen (13) with respect to ion intake.
This does not mean that secondary effects such as precipitation of iron at high pH cannot affect growth. It does mean that if, for example, stirring of solution to deposit precipitated iron salts on the root-hair surfaces can be used to maintain intake, the high pH would not be found deleterious for growth. Colloidal iron, in this case, was found to be as effective as various sources of soluble iron when stirring was employed.
The biochemical changes in nitrogen fractions of the leaves were also followed in these experiments (16) . Preliminary surveys were included with respect to ascorbic acid content and burn of the leaves. The leaf content of mineral and nitrogen fractions are reported as 2-year averages, both for spring and fall growth with the same solution. This is to say no special basal solution specifically adapted for fall use was employed but the spring basal solution was used at both seasons of the year. Interpretations are based primarily on results in spring; and the data for fall included only for comparison and check.
EXPERIMENTAL METHODS Single plants of Connecticut Broadleaf tobacco
were grown in triplicate to the flowering stage in Pyrex jars containing ten liters of a maximal yield with minimal salt supply solution adjusted for spring growth. Temperature in the greenhouse was maintained at about 25°C both day and night. Details of the cultural and purification (CaCO3) processes to minimize trace element contaminations will be found in previous publications (15, 17) . Duration of growth in the jars approximated fifty days. Air-dried weights were obtained by separating the tops and roots on harvest and hanging them to dry in the greenhouse. About three months were required. Yields were recorded as leaf, stalk, root and total. Where necessary, corrections were applied for loss in yield by sampling of the plants. All Nevertheless the same seasonal difference found other. Appended to the spring results are the values between spring and fall grown plants in composition obtained for the leaf samples from control plants of the plants as a whole are reflected in leaf composi-grown on the complete solution for two consecutive tion for the two seasons. This is shown in the cases years. The percentage errors on the dry weight basis of the control plants and of plants suffering from each were less than 0.12 %. On a percentage organic nitromicronutrient deficiency.
gen basis the values differed by not more than 4.7 %. Results on ascorbic acid content of the fresh leaf with micronutrient deficiency and the burn in seconds of the air-dried leaf are summarized in table V. The latter is also referred to as "duration of glow" of the leaf when ignited without production of flame.
The ascorbic acid data are regarded as preliminary in nature, since they characteristically fluctuate widely. Large scale tests would be needed to obtain greater uniformity. As will be seen these, however, would be of less value to some extent without control of micronutrient fertilization. Decrease in ascorbic acid content of the leaf lamina seemed to take place whenever the deficiency was severe enough to decrease yield. Iron and NMo deficient plants grown in the spring of 1952 were the only exceptions. In neither of these two exceptions were yields seriously affected, nor leaf symptoms prominent.
Ascorbic acid content was decreased most effectively by deficiencies of B and MIo. This statement is based on the fact that whereas the -NIn plants attained a yield of only about 10 % that of the control, the yield of the -B and -Mo plants were about 50 and 80 % that of the control, respectively. The symptoms of Mo deficiencv were most severe in the 1954 experiment.
The differences in level of ascorbic acid in the three series are attributed to differences in nitrogen level. That in 1952 was least, and that in 1953 most. The latter was in the range of "luxury" consumption. This interrelation of nitrogen and ascorbic acid levels is known (5, 7) .
Effects of micronutrient deficiencies on burn of the leaf are presented at the bottom of table V. Only in the case of Mn and B deficiencies was burn affected to any extent.
DISCUSSION
The results on mineral absorption appear to be of importance in several respects. There is first the fact that the experimental adjustment of a nutrient solution to produce maximum yield with a minimum of salts results in an "economical" solution. That is, net absorption of nutrient constituents by the plant up to the flowering stage is effected without change in proportions of nutrient components in either solution or plant as a whole.
The steady rise in mineral content of the plants as a whole with diminution in yield irrespective of type of deficiency made evident another important factor in mineral nutrition. It follows that plants growing in the same solution and differing to any extent in size cannot be directly compared with each other with respect to absorption. This relation between yield and absorption is also seen between the mineral content of the plants grown in the spring as compared with the smaller plants of the fall. This yield-supply relationship was far from negligible. It was also evident that micronutrient deficiency affected relative mineral composition of the plant as a whole only slightly as compared to that of the leaves. The reason for this may consist of a compensatory decrease in growth of the whole plant with deficiency. Though none of the data obtained are presented herein, the evidence found made clear that decreased micronutrient content was more apparent the closer the sample taken was to the locus of maximum symptoms in the plant. A similar situation had been reported for K and B (18) (16, 18) . The differing results with copper deficiency in spring agree with those of Lucas (11) .
The outstandingf effects of manganese and molybdenum deficiencies on accumulation of nitrate (2, 6, 8, 14) would seem to be associated with decreased enzvme formation (12) in the case of the latter. Hewitt (8) 4 Present address: Guest research worker.
AIATERIALS AND AIETHODS
The diatom used throughout these studies was originally isolated from fresh water in 1949 and has been maintained as a bacteria-free clone on agar slants. It has proved to be a suitable organism for studies of diatom physiology (17, 18 Special precautions to exclude contamination by silicon leached from glass surfaces were unnecessary. Throughout the experiments described below, controls were run routinely, and at no time was there any evidence that appreciable quantities of silicon from the Py-rex glassware were contaminating the media sufficiently to affect the growth of diatoms. In the absence of added silicon compounds, growth was negligible.
For each concentration of agar, agar ash, or silicon compound tested, 3 or 4 replicates were set up in
